The objective of this study was to evaluate the effects of ractopamine (Rac) and Arg fed to pregnant sows from d 25 to 53 of gestation on fetal muscle development as well as the performance and carcass characteristics of the progeny. One hundred sows were divided into 4 treatments including a control diet, the control plus 1% Arg, the control plus 20 mg/kg Rac, and the control diet supplemented with both additives at the same levels as those used separately. During the farrowing process the data evaluated were the weight of placenta to calculate the placental efficiency and the number of piglets born alive, stillborn, and mummified. To evaluate the fiber number and area, 12 male piglets from each treatment were euthanized to harvest semitendinosus muscle. During the lactation, the preweaning mortality, weaned weights, and number of piglets weaned per litter were evaluated. After weaning, the pig performance was evaluated until the slaughter following the sow treatment. At end of finishing phase, 1 male pig of each treatment replicate was selected to evaluation the carcass and pork quality. All variables measured were analyzed using the MIXED procedure of SAS and least squares means were compared using the Tukey test with P < 0.05. The control diet + supplementation of 1.0% of l-Arg + 20 mg/kg of ractopamine HCl from d 25 to 53 of gestation (Arg+Rac) treatment had a greater number of stillborn piglets (P = 0.014) than the control group. Piglet birth weights from sows fed Rac were 11% greater (P = 0.031) than those of piglets of the control treatment. The semitendinosus muscle fiber diameters of piglets at birth from sows that received Arg, Rac, and Arg+Rac were greater (P < 0.0001) than those of control piglets, and as consequence, the fiber number per square millimeter decreased (P < 0.0001). The final nursery BW of progeny from sows fed Arg and Rac individually were greater (P = 0.010) than those of progeny of the control group. At 110 d of age, in the beginning of the finisher 1 phase, pigs from Arg-fed sows were 1.9 kg heavier (P = 0.010) than pigs from the Arg+Rac-fed sows. The HCW were 2.97 and 1.64 kg heavier (P < 0.0001) for progeny of the Arg and Rac sows, respectively, compared with those of progeny of the control. In conclusion, the trial showed that the use of Rac for gestating sows increased the piglets' weight at birth. The size of muscular fiber was increased in the semitendinosus muscle of piglets originating from sows receiving Rac or Arg. However, the combination of both compounds did not have an additive effect in comparison with the control treatment but increased the stillbirth number.
aBstraCt:
The objective of this study was to evaluate the effects of ractopamine (Rac) and Arg fed to pregnant sows from d 25 to 53 of gestation on fetal muscle development as well as the performance and carcass characteristics of the progeny. One hundred sows were divided into 4 treatments including a control diet, the control plus 1% Arg, the control plus 20 mg/kg Rac, and the control diet supplemented with both additives at the same levels as those used separately. During the farrowing process the data evaluated were the weight of placenta to calculate the placental efficiency and the number of piglets born alive, stillborn, and mummified. To evaluate the fiber number and area, 12 male piglets from each treatment were euthanized to harvest semitendinosus muscle. During the lactation, the preweaning mortality, weaned weights, and number of piglets weaned per litter were evaluated. After weaning, the pig performance was evaluated until the slaughter following the sow treatment. At end of finishing phase, 1 male pig of each treatment replicate was selected to evaluation the carcass and pork quality. All variables measured were analyzed using the MIXED procedure of SAS and least squares means were compared using the Tukey test with P < 0.05. The control diet + supplementation of 1.0% of l-Arg + 20 mg/kg of ractopamine HCl from d 25 to 53 of gestation (Arg+Rac) treatment had a greater number of stillborn piglets (P = 0.014) than the control group. Piglet birth weights from sows fed Rac were 11% greater (P = 0.031) than those of piglets of the control treatment. The semitendinosus muscle fiber diameters of piglets at birth from sows that received Arg, Rac, and Arg+Rac were greater (P < 0.0001) than those of control piglets, and as consequence, the fiber number per square millimeter decreased (P < 0.0001). The final nursery BW of progeny from sows fed Arg and Rac individually were greater (P = 0.010) than those of progeny of the control group. At 110 d of age, in the beginning of the finisher 1 phase, pigs from Arg-fed sows were 1.9 kg heavier (P = 0.010) than pigs from the Arg+Rac-fed sows. The HCW were 2.97 and 1.64 kg heavier (P < 0.0001) for progeny of the Arg and Rac sows, respectively, compared with those of progeny of the control. In conclusion, the trial showed that the use of Rac for gestating sows increased the piglets' weight at birth. The size of muscular fiber was increased in the semitendinosus muscle of piglets originating from sows receiving Rac or Arg. However, the combination of both compounds did not have an additive effect in comparison with the control treatment but increased the stillbirth number.
introduCtion
Modern sows are more prolific and produce progeny with increased genetic potential for lean growth compared with sows of 40 yr ago (USDA-NASS, 2013) . For this, sows have increased nutrient requirements during gestation (Ball and Moehn, 2013) . As the number of piglets increase, the placental blood flow per fetus decreases (Père and Etienne, 2000) . Due to this increased prolificacy, intrauterine growth retardation has become a common problem (Bérard et al., 2010) . In this way, piglets can be affected by limited uterine capacity, leading to decreased fetal growth and increased fetal death (Vallet et al., 2002) .
Essential AA play crucial roles in the development and growth of the placenta and the fetuses (Bell and Ehrhardt, 2002) . Arginine is an AA that plays multiple roles in animal metabolism as a precursor of various metabolic molecules including NO and polyamines (Moncada et al., 1989) . Increased NO concentrations can increase uterine blood flow (Wu and Meininger, 2000) , thereby increasing the transference of essential nutrients from maternal to fetal blood .
Another technology that can increase fetal development is the utilization of β-adrenergic agonists. Kim et al. (1994) found that feeding sows with salbutamol in the first third of pregnancy increased muscle size and altered the muscle fiber types of progeny. Past trials (Hoshi et al., 2005a) evaluated the effect of feeding ractopamine (Rac) to sows from d 25 to 50 of gestation and reported greater progeny growth rates and HCW for sows fed Rac. A similar trial (Gatford et al., 2009) evaluated the effects of feeding Rac to sows in the same stage of gestation and reported a 9% increase in fetal weight.
The mode of action of these 2 additives in the gestational phase is different and could be complementary. Therefore, the objective of this research was to verify the effect of Rac, Arg, and the interaction of these compounds on performance of sows and their offspring from birth to slaughter.
materiaL and metHods
All procedures and housing adopted in this trial were approved by the Ethic Committee on Animal Use of Federal University of Lavras (Lavras, Brazil) under protocol number 099/12. This experiment involved 2 stages: reproduction (gestation and lactation of sows) and production (progeny performance from weaning to slaughter). The experiment was performed between June of 2013 and February of 2014 at a commercial farm with 2,500 sows in Formiga, Minas Gerais, Brazil.
One hundred sows were individually housed in gestation crates until d 53 of gestation. Afterward, the sows were group housed in pens with of 10 animals each until d 110 of gestation and were transferred to farrowing crates. Ten sows were removed from the trial due to late abortion and fewer than 3 piglets at birth. The authors observed that these effects were not related with the treatments. Sows had ad libitum access to water during the entire gestation and lactation phases.
Experimental Design
The 4 dietary treatments were the control diet (control), the control diet + supplementation of 1.0% of lArg (AA were obtained for use from Ajinomoto Co. Inc., Tokyo, Japan) from d 25 to 53 of gestation (argt), the control diet + addition of 20 mg/kg of ractopamine HCl (ractopamine 2% was obtained from Ourofino Saúde Animal, Cravinhos, Brazil) from d 25 to 53 of gestation (RacT), and the control diet + supplementation of 1.0% of l-Arg + 20 mg/kg of ractopamine HCl from d 25 to 53 of gestation (Arg+Rac). The ractopamine from Ourofino Saúde Animal is approved by the Brazilian Department of Agriculture (maPa) for utilization and commercialization under the number SP-00768 30023. The product has been tested for efficiency, safety, residue, and stability to be approved by the MAPA following the international standards. The feeding period of the gestation dietary treatments was targeted as the prehyperplasia stage (25 to 50 d of gestation), the time of secondary muscle cell development for piglets (Dwyer et al., 1994) , and as recommended by Hoshi et al. (2005a) .
Experimental Procedures
All sows were checked for estrus once daily in the morning and inseminated twice with unfrozen semen during estrus (18-24 h apart). Sows that presented estrus in the same day were inseminated with semen of the same boar to eliminate the effect of the boar. On d 25 of gestation, sows were blocked according to their genetic line Patos de Minas, Brazil] or Camborough 25 [Agroceres PIC, Patos de Minas, Brazil]) and parity and the start date for the experimental period. Sows of first and second parity were Camborough 25 and sows from third to sixth parity were DB-90. Sows were fed once a day during the entire gestation period with the gestation diet presented in Table 1 . From breeding to 28 d of gestation, sows were fed 2.3 kg/d; from 29 to 90 d of gestation, sows were fed 1.8 kg/d; from d 91 to 110 of gestation, sows were fed 2.8 kg kg/d; and from 111 d of gestation to the day before farrowing, the sows were fed 2.6 kg/d. This feeding regime followed the practice from the farm according the recommendations of the nutritionist. The Rac and Arg supplements were top-dressed on the sows feed from d 25 to 53 of gestation. Sows had their backfat depth recorded at d 25 and 53 of gestation and at farrowing. Backfat depth was measured at the P2 position using an ultrasound scanner (Lean Meater; Renco Corporation, Minneapolis, MN). The P2 region is the position of the latter thoracic vertebra with the first lumbar vertebra, measured at 6.5 cm from the lumbar midline and 6.5 cm the last rib.
During lactation, sows were given ad libitum access to feed with the lactation diet presented in Table 1 . The lactation diets met or exceeded the minimum requirements suggested by the NRC (2012).
The farrowing process was observed for data recording. After the end of each farrowing, the weight of all placentas per sow (placenta weight was divided by litter weight to calculate the placental efficiency) and number of piglets born alive, stillborn, and mummified were recorded. Twenty-four hours after birth, litter size number was standardized by cross-fostering to 12 piglets, corresponding to their treatment. Each pig was individually weighed and tagged according to their mother's treatment. Preweaning deaths as well as individual pig weaning weights and number weaned per litter were recorded at 21 d of lactation.
At farrowing, 12 male piglets from each treatment with the average birth weight of the litter were euthanized to harvest semitendinosus muscle. Two piglets of each parity order per treatment were selected. Only male piglets were used to have a better standardization in the sample procedure. A complete transverse slice 1 cm thick was taken from the muscle and the samples were frozen in liquid nitrogen at -196°C after the harvest and stored in a freezer at -80°C. The samples were protected using aluminum foil before the freezing procedure to prevent direct contact with liquid nitrogen. To determine muscle fiber number and area, samples were cut in 10-μm thickness using cryostat, and hematoxylin-eosin staining was used following the methodology of Rehfeldt et al. (2012) . For each section, 6 fields were captured at 20x resolution 3 The mineral premix provided the following quantities of minerals per kilogram of complete diet: 0.20 mg/kg cobalt, 18.00 mg/kg copper, 29.91 mg/ kg iron, 1.70 mg/kg iodine, 48.00 mg/kg manganese, and 89.96 mg/kg zinc. 4 The mineral premix provided the following quantities of minerals per kilogram of complete diet: 0.17 mg/kg cobalt, 15.00 mg/kg copper, 24.93 mg/ kg iron, 1.42 mg/kg iodine, 40.00 mg/kg manganese, and 74.97 mg/kg zinc.
5 Blended Organic Acids (Sanphar, Hortolândia, Brazil).
6 Co-Factor III (Alltech Inc., Araucária, Brazil).
7 Bioplex (Alltech Inc.).
8 SelPlex (Alltech Inc.).
9 Starfix (Alltech Inc.).
10 Sweetener additive (composition: sodium saccharin, neohesperidine, and silicon dioxide; Agroceres Multimix, Rio Claro, Brazil).
11 Calculated values.
for later counting of muscle fibers using random-systematic sampling, starting in the upper left-hand quadrant and capturing fields with constant horizontal and vertical spacing. All fibers were counted in an area of 0.0768 mm 2 per field using ImageJ IJ 1.46r (Rasband and Ferreira, 2012) . Muscle fiber number (fiber number/mm2) was calculated as the mean number of fibers per square millimeter. Fiber diameter of fibers was measured at 40x resolution using the software Image J 1.46r for 40 fibers per field and 6 fields per semitendinosus muscle (total 240 fibers per piglet). Piglets were euthanized and their brain and liver weights were recorded to evaluate the brain:liver ratio. After weaning, the pigs were fed the same series of diets (Prestarter; Weaner I and II; Grower I, II, and III; and Finisher I and II) up to slaughter. The sows' litters were grouped according to the treatment received by the sow following the capacity of each pen in the farm according to the phase. All the pigs were housed in mixed sex pens for 39 d (6 replicates Feed intake and BW data of the pigs were recorded to slaughter. During the nursery phase, pigs had ad libitum access to feed. The feeding program was divided in 3 diets: Prestarter diet for 17 d, Weaner I for 12 d, and Weaner II for 10 d. In the grower and finisher phases, the feeding program was divided into 5 liquid diets fed by a computerized feeding system (WEDA Dammann & Westerkamp, Goldenstedt, Germany). The amounts of each diet fed were determined by the growing-finishing feed intake curve for the commercial farm that was a function of the age of the pigs. The grower feeds were Grower I fed for 12 d, Grower II fed for 12 d, and Grower III fed for 14 d. The finisher diets were Finisher I, fed for 20 d, and Finisher II, fed until the pigs went to slaughter. The Finisher II diet had 6.0 mg/kg of Rac and a greater amount of CP and Lys to allow a greater growth rate of the pigs fed Rac. The pigs were fed 3 times per day, at around 0730, 1130, and 1700 h. Diet composition and nutritional values are presented in Table 2 . Intakes were recorded weekly and pigs were group weighed at 81, 119, 139, and 159 d of age.
Proximate and AA analyses were performed on all diets. For proximate evaluation, the samples were analyzed according to the methods of AOAC (1990) to measure moisture (method 925.09), ash (method 923.03), CP (N × 6.251; method 955.04D), crude fiber (method 962.09), ether extract (method 945.38F), phosphorus (method 986.24), and calcium (method 968.31). Amino acids were analyzed in the diets samples using an AA analyzer (model L-8500A; Hitachi, Tokyo, Japan) after being hydrolyzed with 6 N HCl for 24 h at 110°C (method 994.12; AOAC, 2005) .
Growth, Carcass, and Pork Data
Body weight and feed consumption were assessed to evaluate the growth performance criteria including ADG, ADFI, and G:F (for the nursery, grower, and finisher phases). At 142 d of age, 1 male pig with the greatest BW of each replicate was selected to be slaughtered. The pigs were fasted for 12 h, weighed, and then shipped to a commercial facility to be slaughtered according to the Brazilian legislation (BRASIL, 2000) . After being electrically stunned, the pigs were exsanguinated and eviscerated. The carcasses were weighed before and after chilling for 24 h. Muscle pH was measured in the longissimus dorsi muscle at the last rib of the left side of the carcass 45 min after slaughter (pH 45 min) and after 24 h of cooling at 4°C (final pH).
Backfat thickness at the 10th rib was measured as well as loin depth (Ld) with an electronic caliper (Neiko 01407A Stainless Steel; Neiko Stainless Hardened, Wenzhou, China). Longissimus muscle area was evaluated by drawing the outline of the muscle at the 10th rib on a paper and then scanning and measuring the area through ImageJ IJ 1.46r (Rasband and Ferreira, 2012) . The carcass length was measured from the cranial edge of the pubic symphysis to the cranial ventral edge of the atlas.
Color was examined in the longissimus dorsi muscle 24 h after slaughter using a portable Minolta colorimeter (model CR-400; Konica Minolta Sensing, Inc., Osaka, Japan), with integrating sphere and 10° angle of view and illuminant D65. The components L*, a*, and b* are expressed using the CIELab color system (Konica Minolta Holdings, Marunouchi, Chiyoda, Tokyo). Measurements were obtained by moving the device in 3 different positions in such a way that almost the entire muscle surface was sampled. The average reading was used for statistical analysis. Chroma (C*) and hue angle (h*) were evaluated as color variables and calculated by the equations suggested by Ramos and Gomide (2007) , in which C* = (a*2 + b*2)1/2 and h* = tan-1 (b*/a*).
The carcass meat yield (Cmy) and the bonus index (Bi) were estimated by equations described by Guidoni (2000) : CMY = 65.92 -(0.685 × BT) + (0.094 × LD) -(0.026 × HCW), in which CMY is expressed as a percent, BT = backfat thickness (mm), LD is expressed in millimeters, HCW is expressed in kilograms, and BI = 23.6 + 0.286 × HCW + CMY (%). The BI are used as the percentage that will be paid for the producer considering the animal. The value 100 reflects the real value of the carcass without discounts and accretions in the value. .65 mg/kg pantothenic acid, 1.66 mg/kg biotin, 5,000 mg/kg calcium, 0.45 mg/kg cobalt, 50 mg/kg copper, 1,500 mg/kg choline, 25 g/kg ether extract, 300 mg/kg iron, 15 g/kg crude fiber, 4,000 mg/kg phosphorus, 2.5 mg/kg iodine, 4,500 mg/kg Lys, 100 mg/kg manganese, 100 g/kg mineral matter, 2,000 mg/kg Met, 175 mg/kg niacin, 100 g/ kg CP, 2 mg/kg selenium, 5,000 mg/kg sodium, 45,000 IU/kg vitamin A, 16.66 mg/kg vitamin B 1 , 165 μg/kg vitamin B 12 , 33.33 mg/kg vitamin B 2 , 20 mg/kg vitamin B 6 , 12,255 IU/kg vitamin D 3 , 500 IU/kg vitamin E, 40 mg/kg vitamin K, and 300 mg/kg zinc.
2 Concentrate Focus 2792 S Pr (Agroceres Multimix, Rio Claro, Brazil):6.66 mg/kg folic acid, 29.7 g/kg fumaric acid, 233 mg/kg pantothenic acid, 3.33 mg/ kg biotin, 5,500 mg/kg calcium, 0.85 mg/kg cobalt, 100 mg/kg copper, 1,500 mg/kg choline, 25 g/kg ether extract, 600 mg/kg iron, 15 g/kg crude fiber, 4,000 mg/kg phosphorus, 5 mg/kg iodine, 7,000 mg/kg Lys, 195 mg/kg manganese, 100 g/kg mineral matter, 1,500 mg/kg Met, 340 mg/kg niacin, 80 g/kg CP, 3.5 mg/kg selenium, 4,000 mg/kg sodium, 89,100 IU/kg vitamin A, 33.33 mg/kg vitamin B 1 , 330 μg/kg vitamin B 12 , 66.67 mg/kg vitamin B 2 , 40 mg/kg vitamin B 6 , 24,000 IU/kg vitamin D 3 , 1,000 IU/kg vitamin E, 82.5 mg/kg vitamin K, and 600 mg/kg zinc.
Table 2 Footnootes continued
Values higher than 100 increase the carcass value according to the additional percentage, and values lower than 100 discount the carcass value.
Statistical Analysis
All variables measured were tested for normality by the Shapiro-Wilk test before analysis, and any variable that failed to follow normal distribution was transformed through the RANK procedure of SAS (SAS Inst. Inc., Cary, NC). The PROC RANK statement with the NORMAL option was used to produce a normalized transformed variable.
The sow performance data was analyzed as a block design considering genetic line and parity as random factors by 2-way ANOVA, using each sow as an experimental unit (n = 90). The MIXED procedure of SAS was used, and least squares means were compared using the Tukey test with P < 0.05 being considered significant and levels of P < 0.10 referred to as tendencies. Progeny performance was analyzed as a block design considering initial weight of each phase as a random factor for the block effect. Carcass data were analyzed as a block design using final live weight to form the blocks.
resuLts and disCussion

Sow Performance
The sows' reproductive performance and carcass traits for each treatment are presented in Table 3 . None of the treatments affected backfat thickness at any period of evaluation (P > 0.05). According to Houde et al. (2010) , fluctuations in backfat thickness during the reproductive cycle should be avoided, as it is associated with declining reproductive performance over subsequent parities. However, the tendency to be different (P = 0.060) in percentage between the evaluation at d 53 and 25 indicates that sows receiving Rac could have greater lipid catabolism or a lower lipogenesis than the sows of the other treatments, as the nutritional management of the farm provided less nutrients than recommended by Rostagno et al. (2011) during gestation phase. Analyzing adipocytes isolated from pigs fed diets containing Rac, Liu et al. (1989) found that the reduction in adipose tissue in the carcass occurred through an increase in lipolysis. The lipogenesis/lipolysis relationship caused by Rac is influenced by the subtypes of receptors (Liu et al., 1989; Mills et al., 1990; Peterla and Scanes, 1990 ). There was evidence that Rac reduced the amount of lipids in the 3 Concentrate Focus 2793 S In (Agroceres Multimix, Rio Claro, Brazil): 10.66 mg/kg folic acid, 29.7 g/kg fumaric acid, 333 mg/kg pantothenic acid, 4 mg/kg biotin, 5,000 mg/kg calcium, 1.55 mg/kg cobalt, 205 mg/kg copper, 1,500 mg/kg choline, 25 g/kg ether extract, 1.190 mg/kg iron, 20 g/kg crude fiber, 4,000 mg/kg phosphorus, 11.5 mg/kg iodine, 2,500 mg/kg Lys, 350 mg/kg manganese, 100 g/kg mineral matter, 1,000 mg/kg Met, 533 mg/kg niacin, 50 g/kg CP, 6.6 mg/kg selenium, 3,500 mg/kg sodium, 158,400 IU/kg vitamin A, 40 mg/kg vitamin B 1 , 520 μg/kg vitamin B 12 , 120 mg/kg vitamin B 2 , 66.66 mg/kg vitamin B 6 , 33,000 IU/kg vitamin D 3 , 520 IU/kg vitamin E, 66 mg/kg vitamin K, and 1,190 mg/kg zinc. 4 12% of CP. 5 The vitamin premix provided the following quantities of vitamins per kilogram of complete diet: 1.20 mg/kg folic acid, 21.01 mg/kg pantothenic acid, 0.05 mg/kg biotin, 360 mg/kg choline, 39.00 mg/kg niacin, 0.39 mg/kg selenium, 8,000.10 IU/kg retinol, 2.00 mg/kg thiamine, 0.03 mg/kg cobalamin, 6.00 mg/kg riboflavin, 2.00 mg/kg pyridoxine, 3,000.00 IU/kg cholecalciferol, 30.00 IU/kg dl-α-tocopheryl acetate, and 8.00 mg/kg menadione.
6 The vitamin premix provided the following quantities of vitamins per kilogram of complete diet: 1.01 mg/kg folic acid, 10.10 mg/kg pantothenic acid, 0.05 mg/kg biotin, 150.00 mg/kg choline, 20 mg/kg niacin, 0.42 mg/kg selenium, 5,049.00 IU/kg retinol, 1.01 mg/kg thiamine, 0.03 mg/kg cobalamin, 3.03 mg/kg riboflavin, 1.82 mg/kg pyridoxine, 1,911.00 IU/kg cholecalciferol, 10.10 IU/kg dl-α-tocopheryl acetate, and 2.02 mg/kg menadione.
7 The vitamin premix provided the following quantities of vitamins per kilogram of complete diet: 0.34 mg/kg folic acid, 6.73 mg/kg pantothenic acid, 0.02 mg/kg biotin, 16.16 mg/kg niacin, 0.30 mg/kg selenium, 3,534.00 IU/kg retinol, 0.50 mg/kg thiamine, 0.02 mg/kg cobalamin, 2.69 mg/kg riboflavin, 0.50 mg/kg pyridoxine, 909.00 IU/kg cholecalciferol, 4.04 IU/kg dl-α-tocopheryl acetate, and 2.02 mg/kg menadione. 8 The mineral premix provided the following quantities of minerals per kilogram of complete diet: 0.17 mg/kg cobalt, 15.00 mg/kg copper, 24.93 mg/kg iron, 1.42 mg/kg iodine, 40.00 mg/kg manganese, and 74.97 mg/kg zinc. 9 The mineral premix provided the following quantities of minerals per kilogram of complete diet: 0.15 mg/kg cobalt, 13.5 mg/kg copper, 22.443 mg/kg iron, 1.28 mg/kg iodine, 36.00 mg/kg manganese, and 67.47 mg/kg zinc. 10 The mineral premix provided the following quantities of minerals per kilogram of complete diet: 0.13 mg/kg cobalt, 12.00 mg/kg copper, 19.94 mg/ kg iron, 1.13 mg/kg iodine, 32.00 mg/kg manganese, and 59.98 mg/kg zinc. 11 The mineral premix provided the following quantities of minerals per kilogram of complete diet: 0.12 mg/kg cobalt, 10.50 mg/kg copper, 17.45 mg/ kg iron, 0.99 mg/kg iodine, 28.00 mg/kg manganese, and 52.48 mg/kg zinc. 12 The mineral premix provided the following quantities of minerals per kilogram of complete diet: 0.10 mg/kg cobalt, 9.00 mg/kg copper, 14.96 mg/kg iron, 0.85 mg/kg iodine, 24.00 mg/kg manganese, and 44.98 mg/kg zinc.
13 Blended Organic Acids (Sanphar, Hortolândia, Brazil).
14 Probiotic (Chr. Hansen A/S, Hørsholm, Denmark).
15 Enramycin 8% (MSD Saúde Animal, Cruzeiro, Brazil).
16 Avilamycin 20% (Elanco, São Paulo, Brazil).
17 Sweetener additive (composition: sodium saccharin, neohesperidine, and silicon dioxide; Agroceres Multimix, Rio Claro, Brazil).
carcass through a greater inhibition of lipogenesis than an increase in lipolysis in fattening pigs . Therefore, the lower nutrient levels in the diet with Rac could stimulate a higher catabolic status in the sows. Catabolic sows during the gestation could have impaired fetal growth manifested as reduced birth weight of the offspring (Rehfeldt et al., 2011) and compromised colostrum production (Decaluwé et al., 2013) . If the diets had been adjusted for AA and energy concentration or the amounts fed were increased, it is possible that the performance results of sows receiving Rac could be improved, avoiding the fluctuations in the backfat thickness. During the 28 d of Arg supplementation, the diets were not isonitrogenous. However, Arg was used due to its effects as a functional AA.
The number of pigs born (total and alive) and the percentage of mummified piglets were not statistically affected by the treatments (Table 3) . However, the number of stillborn piglets was approximately 3 times greater for Arg and Rac treatments and 5 times greater for the Arg+Rac treatment than the control treatment (P < 0.01). This could be associated with the fact that sows receiving Rac and Arg both separately and together had a numerically greater number of total piglets born. The greater number of total piglets born could be associated with a higher embryonic survival due a better nutrient flow originated by Arg and Rac supplementation (Bird et al., 2003; Karadas et al., 2007) and the redirection of nutrients toward protein synthesis by the Rac (Cantarelli et al., 2009 ). According to van der Lende and van Rens (2003) , at approximately 100 d of gestation, fetal mortality can increase due to limited uterine space. The greater number of piglets born per sow increased the farrowing duration, which is another factor that contributes to the greater number of stillborn piglets (Muirhead and Alexander, 1997; Canario et al., 2006) . Other aspect that could increase the number of stillborn piglets is the greater number of mummified piglets. According to Mengeling et al. (2000) , the presence of mummies can increase the total farrowing duration and the interval between piglets. In addition, greater piglet birth weight leads to a longer time of farrowing, which increases the number of stillborn piglets (van Dijk et al., 2005) .
Litter birth weight was not statistically significant (P = 0.222; Table 3 ). Individual birth weights of the piglets from sows fed Rac were 11% greater (P < 0.031) than piglets from sows not fed Rac. Similar results were found by Gatford et al. (2009) after feeding 20 mg/kg of Rac from d 25 to 50 of gestation. The nutritional management at the beginning of pregnancy aims to intensify the embryonic survival and adequately supply the formation of the placenta and fetal annexes (Jindal et al., 1996) . As Rac redirects the energy of the diet toward protein synthesis, its use could improve the placental formation and increase the individual birth weights. However, placental efficiency was not affected in this trial. The heavy piglets could have a negative effect on the number of stillbirths. Accordingly to van der Lende and van Rens (2003) , at approximately 100 d of gestation, fetal mortality can increase due to limited uterine space.
Feeding Rac during gestation can have direct effects on fetal muscle development (Hoshi et al., 2005a; Gatford et al., 2009 ) as past research found that sows fed 20 mg/kg Rac during early to mid gestation had improved progeny performance and muscle development of the piglets. Feeding a β-adrenergic agonist can affect the prenatal development of the skeletal muscle (Gatford et al., 2009) .
Placental tissue expresses β-adrenergic receptors (Moore and Whitsett, 1982) . Ractopamine as a β agonist can regulate placental Na + transfer in sows as has been shown in vitro by Sibley et al. (1986) . This effect is important because most AA are transported through active transport that is sodium dependent (Battaglia and Regnault, 2001 ). Also, β-adrenergic can increase blood flow to the fetuses, via the receptors present in the smooth muscle cells of the blood vessels elevating cAMP causing vasodilation, as shown with human umbilical arteries in vitro (Karadas et al., 2007) . As shown by Cantarelli et al. (2009) , Rac increases nitrogen retention, which can contribute to a greater amount of protein synthesis in the fetus, thereby increasing the formation of muscle tissue.
Ractopamine can act via alteration of sow metabolism, as Rac can increase the skeletal muscle deposition in finishing pigs (Braña et al., 2013; Garbossa et al., 2013; Kutzler et al., 2011) and thus may divert nutrients toward fetal growth. But no effect was observed in the plasma concentrations of total protein, total lipids, creatinine, urea, and glucose of sows receiving Rac (Hoshi et al., 2005b; Gatford et al., 2009) .
Individual birth weights of pigs from the Arg and Arg+Rac treatments were similar to control pigs. Different results were observed by Mateo et al. (2007) , who supplemented 1% of l-Arg HCl from 30 d of gestation to farrowing, although the Arg supplementation in our study is only from 25 to 53 d of gestation. The uterine capacity starts to become limiting for embryonic survival at as early as 30 d of gestation, thereby affecting fetal growth (Christenson et al., 1987) .
Arginine is a precursor of NO and it is a highly lipophilic simple gaseous molecule synthesized by endothelial cells, macrophages, and certain group of neurons in the brain (Flora Filho and Zilberstein, 2000) . According to Lacasse et al. (1996) , NO is a potent vasorelaxant of vascularization of the mammary gland. Nitric oxide is the major vasodilator of endothelial cells (Wu and Meininger, 2000) and plays an important role in regulating placental blood flow and, therefore, impacts the transfer of oxygen and nutrients to the fetus (Bird et al., 2003) . In addition, NO is an important intercellular messenger in greater mammals (Carl, 1992) . The mechanism of intercellular signaling is generally accomplished via cell membrane receptors on the target cell and usually is in contact with transmembrane and cytoplasmic triggering of a "cascade" of intracellular signals that interfere with cell metabolism (Moncada et al., 1989) . By its chemical characteristics of high diffusibility, NO signaling is exerted directly at the intracellular level without transmembrane receptors (Flora Filho and Zilberstein, 2000) . Due to its intracellular penetration without membranous intermediates, the body uses NO in physiological functions in which a rapid response is required (Flora Filho and Zilberstein, 2000) .
The weight distribution at birth was improved by the Rac and Rac+Arg treatments compared with the control group (Fig. 1) . A greater percentage of piglets had birth weights greater than 1.6 kg. This result is probably not due to the improved nutrition of the fetuses. The progeny of Arg treated sows did not have the same increased birth weight as progeny of Rac sows. The birth weight has a significant effect in the weaning weight, because the weaning weight increases with heavier birth weight (Smith et al., 2007) .
The within-litter CV for piglet birth weight was similar for all treatments (Table 3) . But the CV of weaning weight for the sows fed Rac had a tendency to be smaller compared with the control, Arg, and Arg+Rac treatments (P < 0.080). The litters of sows that received Rac had a greater percentage (45%) of piglets with birth weights above 1.6 kg, which contributed to the reduction of the CV.
Performance of the progeny (final weight, ADG, number of piglets weaned, and mortality) was not affected (P > 0.05) by the experimental treatments. The results are similar to those reported by Hoshi et al. (2005a) , who did not observe any differences in nursery performance between progeny of the control and Rac treatments.
The piglets' semitendinosus muscle fiber number and fiber diameter data are shown in Table 4 . Treatment of the sows with Arg, Rac, and Arg+Rac decreased the number of semitendinosus muscle fibers of piglets in 3.76, 4.58, and 4.70%, respectively, compared with the control. The piglets' muscle fiber diameter was also affected by Arg, Rac, and Arg+Rac (P < 0.0001) of the sows. The muscle fiber diameters were 16.99, 16.34, and 17.36% greater for the piglets originated from sows receiving Arg, Rac, and Arg+Rac, respectively, than for the control pigs (Fig. 2) . Because the diameters were greater, the number of fibers per square millimeter decreased. These results are similar to those found by Alvarenga et al. (2012) , who found that heavy birth weight piglets had a greater diameter and a lesser number of muscle fibers per square millimeter. The greater individual birth weight of the piglets could be associated with the increased fiber diameter (Nissen et al., 2004) .
Progeny Performance
The results for the progeny performance phases are presented in Table 5 . The results were divided into 3 moments: nursery, grower, and finisher. Finisher was further Table 5 . Preweaning, nursery, grower, and finisher 1 and finisher 2 progeny performance of sows treated with a control, Arg, ractopamine, or both during 25 phases to 53 d of gestation divided in 2 phases because finisher phase 2 was the time that the pigs started to receive RAC in the finishing period.
In the nursery phase, the weight at the end of the period was 9.7% greater (P < 0.010) for the progeny of sows fed Arg than for the progeny of the control group (Table 5) . Consequently, the final weight for this group were 8.3% greater. The results are similar to those previously reported by Hoshi et al. (2005a) , who fed 20 mg/kg of Rac to sows in different stages of gestation and did not find any difference between treatments. Kim et al. (1994) studied the effects of salbutamol, a β-adrenergic agonist, and reported that sows treated during the first 38 d of gestation (prehyperplasia period) produced pigs with greater weight gains when compared with the untreated control pigs. Dwyer et al. (1993) reported that birth weight had a positive correlation with growth performance in the first phases, as observed in this trial. Other papers have found a positive correlation of birth weight with growth rates and better feed efficiency (Schinckel et al., 2010) . Lightweight piglets have less muscle fibers and satellite cells and so had a lower growth potential (Lefaucheur, 2010) .
For the grower, finisher 1, and finisher 2 phases, despite the numerical differences (Table 5) , no statistically significant differences were found for the overall performance (final BW, ADG, ADFI, and feed efficiency) data. However, the initial weight for the finisher 1 phase for the Arg treatment was 4.2% greater (P < 0.01) than pigs of the Arg+Rac treatment. This statistical difference in the initial weight of finisher 1 and not in the growing final weight for these treatments was caused as the number of replicates per treatment was increased when pigs were transferred from the growing to finishing barn and not by the sows' treatment.
Carcass and Pork Evaluation
The carcass data are presented in Table 6 . Body weight at time of slaughter did not differ among treatments. However, HCW was 3.8% (P < 0.0001) and cold carcass weight was 3.9% greater for the progeny of the sows that received Arg compared with the control progeny. These results are different than those found by Hoshi et al. (2005a) , who fed 20 mg/kg of Rac to sows in dif- 2 C* = chroma; h* = hue angle.
ferent stages of gestation. Kim et al. (1994) studied the effects of salbutamol and reported that sows treated during the first 38 d of pregnancy produced heavier pigs at slaughter. No treatment differences were seen for the parameters hot and cold carcass yield; muscle pH and temperature at 45 min and 24 h of the carcass; backfat depth, fat area, muscle depth, and loin muscle area (longissimus dorsi muscle); carcass length; and the color components (L*, a*, b*, C*, and h*). These parameters showed that the treatment of sows with Rac, Arg, and Rac+Arg does not influence pork quality at slaughter.
Bonification index had a tendency (P = 0.061) to be greater for the pigs of the Rac treatment compared with other groups; this is linked to their numerically greater loin muscle area and lesser backfat thickness.
In conclusion, the trial showed that the use of ractopamine for gestating sows increased the piglets' weight at birth. There is an increase in the size of muscular fiber in the semitendinosus muscle of piglets originated from sows receiving Rac or Arg. However, the combination of both compounds did not have an additive effect in comparison with the control treatment but increased the stillbirth number. More trials should be completed to evaluate and better understand the use of these technologies.
